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The molecular signals that regulate the regenerative function of satellite cells in the skeletal muscle remain
largely obscure. In this issue ofCell StemCell, Brack et al. (2008) report that direct molecular crosstalk between
stem cell self-renewal and differentiation pathways determines the timing and efficiency of muscle repair.Skeletal muscle is a highly specialized tis-
sue composed of nondividing, multinucle-
ated muscle fibers, which enable both
voluntary and involuntary movements of
the body. Satellite cells, a specialized
pool of myogenic precursors, contain
the major regenerative activity for adult
skeletal muscle (Collins et al., 2005; Sher-
wood et al., 2004). The ability of satellite
cells to support repeated rounds of mus-
cle regeneration while still maintaining
the satellite cell pool suggests that at least
a subset of satellite cells exhibits the hall-
mark stem cell properties of self-renewal
and lineage-specific differentiation. How-
ever, like many other tissue-specific stem
cells, the molecular signals that regulate
satellite cell function remain largely ob-
scure. In this issue of Cell Stem Cell,
Brack, Conboy, and colleagues report
new insights into the regulatory pathways
that balance satellite cell expansion with
differentiation in adult muscle (Brack
et al., 2008). Their findings suggest that
direct molecular crosstalk between sig-
nals promoting satellite cell self-renewal
and those promoting differentiation may
ultimately determine the fate of activated
muscle precursor cells and the efficiency
of muscle repair.
Muscle damage activates myogenic
satellite cells, causing them to proliferate
and differentiate to form fusion-compe-
tent myoblasts, which fuse with existing
myofibers and with one another to re-
generate muscle. The specific molecules
required for appropriate timing and pro-
gression of myogenic cells through each
distinct stage of regeneration are poorly
understood, though clearly essential for
effective muscle repair after injury. Based
on the premise that adult myogenesis
may in part recapitulate developmental
programs that initially generate muscle in
the embryo, Brack and colleagues investi-
gated the role of the developmentally6 Cell Stem Cell 2, January 2008 ª2008 Elseutilized Wnt signaling pathway during
adult regenerative myogenesis.
Wnts represent a class of secreted sig-
naling proteins that modulate cell fate
decisions, cell proliferation, and stem
cell activity in a variety of embryonic and
adult tissues. In the skeletal muscle, Wnts
have been shown to control myogenic
specification in the embryonic dermo-
myotome (reviewed in Cossu and Bor-
ello, 1999) and to modulate the myogenic
versus fibrogenic (Brack et al., 2007) or
adipogenic (Taylor-Jones et al., 2002) ac-
tivity of regenerating adult muscle. Using
an impressive battery of in vivo and in vitro
analyses, Brack and colleagues now re-
port that Wnts also participate in the tem-
poral control of satellite cell expansion
versus differentiation during adult muscle
regeneration (Brack et al., 2008).
Using transgenicWnt reporter mice, the
authors observed that muscle injury
causes a gradual increase in the produc-
tion of Wnts by differentiated muscle
fibers, leading to elevated Wnt signaling
in satellite cells during regeneration. Inter-
rogating the functional consequences of
this induced Wnt signaling, they found
that inappropriate activation of Wnt sig-
naling in the early stages of myogenesis
caused a striking premature differentia-
tion of muscle satellite cells in vitro. Con-
versely, inhibition of Wnt signaling during
later stages of myogenesis slowed the
accumulation of differentiated myoblasts.
Interestingly, in vivo studies revealed that,
although early-stage Wnt inhibition had
no impact on muscle repair, late inhibition
resulted in reduced fiber generation and
expanded areas of failed myogenesis.
These findings suggest that Wnts act on
late-stage proliferating myoblasts and
are essential to convert these cells from
a proliferative to a differentiating state.
Thus, effective muscle repair depends
on carefully timed induction of Wnt sig-vier Inc.nals, such that Wnt is present to drive dif-
ferentiation only after sufficient expansion
of myogenic precursors has occurred.
Global increases or decreases in Wnt sig-
naling could therefore derail the regenera-
tive process, ultimately leading to muscle
disease and wasting.
This newly described role for Wnt in
myogenic differentiation is particularly in-
triguing in light of a recent report by the
same group suggesting that age-depen-
dent increases in Wnt signaling promote
the transdifferentiation of activated myo-
genic satellite cells to fibrogenic cells
and thereby contribute to deficient repair
of aged muscle (Brack et al., 2007). In
this study, in vitro exposure of young
satellite cells to Wnt agonists induced
conversion of up to 18% of previously
myogenically committed satellite cells to
nonmyogenic fibroblasts, and in vivo acti-
vation of Wnt signals during the early
stages of muscle regeneration signifi-
cantly enhanced fibrosis in wounded
muscle, even in young mice. Thus, the
additional role of Wnts in the myogenic
differentiation of satellite cells, as shown
in Brack et al. (2008), highlights the crucial
impact of timing on the outcome of satel-
lite cell exposure to Wnts. Whereas early
exposure, as satellite cells enter the cell
cycle, appears to induce transdifferentia-
tion, exposure after the induction of pro-
liferation instead causes premature
myogenic differentiation (Figure 1A).
The demonstration that premature acti-
vation of Wnt signaling can dominantly
induce premature satellite cell differentia-
tion raises intriguing questions about how
muscle stem cell self-renewal and differ-
entiation signals are integrated to ensure
adequate expansion of myogenic precur-
sors prior to their differentiation. Interest-
ingly, previous work from the same group
has indicated that, in contrast to Wnt sig-
naling, activated Notch signaling blocks
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PreviewsFigure 1. Wnt and Notch Signaling during Muscle Regeneration
(A) Schematic representation of the regulation of Wnt signaling and myogenic precursor cell proliferation during normal skeletal muscle regeneration. Wnt
signaling is low during the initial stages of regeneration but increases at later stages, signaling a switch from proliferation to differentiation. Blue and red arrows
depict the impact of altered Wnt signaling in satellite cells at the indicated times after injury. Data summarized from Brack et al. (2007, 2008).
(B) Early in the process of regenerativemyogenesis, Notch signaling in satellite cells is high, whereas low-level expression ofWnts by damagedmuscle and ofWnt
receptors by satellite cells keeps Wnt signaling low. High Notch and lowWnt activity lead to activation of GSK3b, promoting phosphorylation and degradation of
b-catenin. At later stages of myogenesis, elevated Wnt production and receptor expression coupled with inhibited Notch activity (via upregulation of the Notch
antagonist Numb) inhibits GSK3b activity and promotes b-catenin stabilization. Data summarized from Brack et al. (2008) and Conboy and Rando (2002).Cell Stem Cell 2, January 2008 ª2008 Elsevier Inc. 7satellite cell differentiation and is essential
for their initial proliferative activity (Con-
boy and Rando, 2002). In the current
study, Brack and colleagues further dem-
onstrate that Notch signaling is critical in
the early phases of regeneration but dis-
pensible at later time points. Strikingly,
this temporal restriction of Notch and
Wnt signaling in activated satellite cells
appears to be accomplished by direct
crosssignaling between these two path-
ways, possibly converging at the Wnt-
inactivated kinase GSK3b (Figure 1B), as
early inhibition of Notch signaling promp-
ted premature activation of Wnt signaling,
whereas inhibition of myogenic differenti-
ation by Notch activation could be res-
cued by ectopic activation of the Wnt
pathway.
Taken together, Brack and colleagues
elegantly demonstrate that proper muscle
repair requires exquisite temporal regula-
tion of satellite cell expansion and differ-
entiation and that this switch in myogenic
cell activity is accomplished by direct
molecular crosstalk between self-re-
newal- (Notch) and differentiation- (Wnt)
promoting pathways (Brack et al., 2008).
This work thus adds to a growing list of tis-
sue systems in which integration of thesetwo conserved signaling pathways con-
trols the timing and specificity of cell fate
decisions and the self-renewal activity of
tissue-specific stem cells (reviewed in
Hurlbut et al., 2007). Interestingly, the out-
come of Notch-Wnt crosstalk is heavily
influenced by cell type and context. In
hematopoietic and intestinal precursors,
Notch and Wnt collaborate to promote
stem and progenitor cell maintenance
and proliferation (Duncan et al., 2005;
van Es et al., 2005). In contrast, Wnt and
Notch exhibit antagonistic effects during
adult myogenesis (Brack et al., 2008) as
well as during stromal cell differentiation
and mammary gland morphogenesis
(reviewed in Hurlbut et al., 2007). Thus,
biological integration of Notch and Wnt
signaling appears to be a complex and
context-dependent strategy that none-
theless has been utilized repeatedly in
the establishment and maintenance of
diverse tissues and organs. As demon-
strated by Brack and colleagues, these
molecular interactions may enable pre-
cise yet adaptable temporal and contex-
tual regulation of biological decisions.
Such critical nodal points will likely pro-
vide sensitive targets for therapeutic inter-
vention to modulate regenerative activity.REFERENCES
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